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ackground: Leptin hormone, encoded by leptin (LEP) gene is involved in many biological and 
physiological processes in the body. Polymorphism in LEP gene has been observed and correlated with 
a variety of reproductive and productive traits in several sheep breeds worldwide, but its role has not 
been much studied in local sheep breeds of Pakistan. The present study was conducted to analyze 
polymorphism in LEP gene in Lohi breed of sheep. 
Methods: Subsequent to statistical analysis (generalized linear model), 18 animals were selected randomly from 
the flock for blood samples collection followed by DNA extraction, amplification using PCR prior to sequencing. 
The amplified product of exon 2 and partial intron 2 regions of LEP gene was 268bp.  
Results: Molecular analysis showed a heterozygous condition i.e. C>Y at position 15 and 18 in exon 2. The data 
on average daily weight gain (ADG) from birthday to 90 days were used for association study, while 
environmental effects were minimized by means of generalized linear model. Association of polymorphisms in 
LEP gene with ADG did not yield any significant results. 
Conclusion: In conclusion, analysis of LEP gene sequence verified the existence of genetic changes in Lohi 
sheep. Further investigations are needed to find variations that might be linked with traits of economic importance 
for upcoming breeding program sand marker-assisted selection.
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Introduction  
There are mainly 30 breeds of domesticated sheep 
inhabiting tropical and temperate areas of Pakistan 
mostly raised for meat, milk and coarse carpet type wool 
[1]. Among these, Lohi is an economically superior thin 
tail sheep breed of province Punjab Pakistan, having 
large body size [2]. There is an immense variation in 
development and reproductive traits of this breed which 
demonstrates a great possibility of enhancement in 
performance [3]. Numerous hormones are produced in 
animal’s body and leptin hormone is believed to regulate 
many important traits related to growth, reproduction and 
maintenance [4, 5]. It is encoded by LEP gene having 
three exons and two introns, present on 5th chromosome 
in sheep [6]. LEP gene is responsible for energy 
metabolism in the body and it also affects the secretion 
of gonadotropins and milk in various farm animals [7]. 
Polymorphisms in the LEP gene and their relationship 
with growth traits in ovine are reported by many scientists 
worldwide [8, 9]. Consequently, the aim of the study was 
to evaluate LEP gene polymorphism and its association 
with growth trait in Lohi sheep breed, which has not been 
much carried out in Pakistan.  
Methods 
Sample Collection and Preparation: The data of Lohi 
sheep were obtained from Small Ruminants Training and 
Research Centre, Pattoki, Pakistan and statistically 
analysed to evaluate the effect of environmental factors. 
The data concerning ADG from birthday to 90 days were 
obtained and analyzed to conclude the influence of 
dam’s age, season, sex of new born, type of birth and 
year of birth. After analysis, 18 animals were randomly 
selected from the herd, though definite correction factors 
were also calculated to decrease the effects of 
environment [10].  
Procedure and Analysis: A total of 5 ml blood was 
collected cautiously from each animal from jugular vein 
using a sterile syringe and stored in 15 ml centrifuge 
tubes including ethylenediaminetetraacetic acid (EDTA) 
as anticoagulant and blood samples were stored at -
20ºC. Stored blood samples were subjected to DNA 
extraction by using a protocol as followed by Babar et al. 
[11], while primers for LEP gene were designed using 
Primer3Plus software against NCBI gene accession no: 
443534. A primer set, LEP-F “5’-
TGGTAACGGAGCTCAT-3’” and LEP-R “5’-
TTACCTCATCTCCCTGTC-3’”, was used for the 
amplification of 268bp fragment covering up the entire 
exon 2 and partial intron 2 of the gene. Touchdown PCR 
was performed with a Thermal Cycler (iCyclerBioRad, 
USA) with initial denaturation at 94ºC for 5 min, followed 
by 35 cycles of denaturation at 94ºC for 45 sec, 
annealing 56-46ºC for 45 sec and extension was at 72ºC 
for 45 sec. Final extension was given at 72ºC for 10 
minutes and stored at 4ºC. 
Prior to Sanger sequencing from 1st Base 
Laboratories Singapore, amplicons were cleaned using 
TIANquick Midi Purification Kit (Tiangen Biotech Beijing 
Co., Ltd.). The sequences were aligned and edited using 
CodonCode Aligner ver. 5.0.2 and MEGA 6.0 software 
[12]. The following model was utilized to minimize the 
effect of environmental factors: 
Yi = µ + Zi + Ɛi 
Where, Yi is ADG of nth lamb; µ is overall population 
mean; Zi is the effect of year, season, sex of new-born, 
type of birth and age of dam; at the same time Ɛi is a 
random error associated with ADG of nth lamb. 
Furthermore, it was presumed that Ɛi was generally and 
autonomously distributed with mean 0 and variance σ2. 
To observe the relatedness of leptin gene sequence 
of Lohi sheep with other animals, a phylogenetic analysis 
of exon 2 was carried out by MEGA6.0. Following table 
1 shows the accession numbers of sequences used 
(other than animals of our study) for constructing 
phylogenetic tree. 
Specie Accession no. 
Ovis aries HE605296 
Capra hircus JQ739233 
Capra hircus JQ739232 
Capra hircus AM114397 
Capra hircus XM_005679434 
Ovis aries KJ718954 
Bubalus bubalis HE605297 
Bos taurus KC660109 
Bos indicus EU921635 
Bos frontalis EU642566 
Bos frontalis JX273647 
Bos grunniens EU603265 
Bos mutus XM_005893666 
Sus scrofa domesticus AJ865080 
Panthera tigris altaica XM_007078047 
Felis catus XM_006929349 
Vicugna pacos XM_006202258 
Tursiops truncatus XM_004330144 
Lipotes vexillifer XM_007469671 
Delphinapterus leucas JN833619 
Physeter catodon XM_007119740 
Orcinus orca XM_004265474 
Table 1: Detail of animals for phylogenetic tree of LEP exon 2 
Results 
Electrophoretic analysis revealed high molecular weight 
bands of genomic DNA extracted from blood samples of 
Lohi sheep on 0.8% agarose gel. The results indicated 
that extraction method yielded good quality DNA and 
DNA was suitable for PCR analysis. A PCR was setup 
for amplification of a specific LEP gene exon 2 segment 
(268 bp). The PCR created a solitary enhancement from 
all templates of studied sheep individuals. The extent of 
all the PCR amplicons demonstrated no undeniable 
contrasts when isolated on agarose gel (1.8 %) as 
appeared in Fig. 1. Moreover, amplified DNA fragments 
were subjected to DNA sequencing to determine the 
polymorphism in the amplified region. 
 
Figure 1: Electrophoresis image LEP Exon 2 PCR products (268 
bp) in comparison with 50 bp DNA ladder on 1.8 % agarose gel 
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Figure 2: Heterozygous condition in exon 2 of LEP gene in Lohi 
sheep (Adenine-Green; Guanine-Black; Cytosine-Blue; Thymine-
Red) 
Table 2 Animals’ growth performance and SNPs found in exon 2 
of LEP gene in Lohi sheep.  
Where, CADG: corrected average daily gain (g); -: no variation; Y 
overlapping of two peaks (C and T) 
Discussion  
Polymorphism in LEP gene was studied in Lohi animals, 
an important indigenous sheep breed of Pakistan. 
Heterozygous peaks were observed in two individuals 
(ID: 201312025, 201321143) and were labeled as “Y”. 
The comparative evaluation of individuals carrying “Y” 
and those lacking it based on phenotypic data did not 
show any significant association. An attempt was made 
to correlate observed mutation with ADG but due to a 
limited number of animals, the analysis did not show any 
concluding relationship. Qureshi et al. [14] reported 
variations in intron 2 (A2262T, C2256G, -2730C) and 
exon 2 (A3201G) in the LEP gene in Lohi sheep 
maintained at Livestock Production and Research 
Institute, Bahadurnagar, Okara, Pakistan. Jonas et al. 
[15] found variation (C11T) in exon 2 in Awassi-Merino 
sheep with non-significant (P>0.05) association with 
body weight. Similarly, Boucher et al. [16] also found 
SNPs in exon 2 of Dorset and Suffolk sheep breeds. 
Three SNPs were observed by Wang et al. [17] while 
studying polymorphism in LEP receptor gene in caprine 
and along-with association between genotypes and traits 
i.e. birth weights of kids and prolificacy. A relationship 
was observed between genotypes and weights at 
different ages of animals in ovines of Makooei breed [18].  
Certain SNPs in intron 2 and exon 2 in goats were also 
reported by Singh et al. [19] and Maitra et al. [20]. 
 
Figure 3: Rectangular phylogenetic tree of exon 2 in ovine LEP 
gene 
Phylogenetic tree (fig. 3) shows that Lohi animals 
used in this study have conserved regions for exons and 
goats showed close relation with this. Phylogenetic tree 
constructed based on exons of leptin gene reconfirmed 
the biological classification of mammalian species. In 
other words, molecular classification-based leptin exons 
gene sequence reconfirmed the classical taxonomical 
classification. Phylogenetic tree showing inter-
relationship of Lohi sheep animals with closely related 
animal species inferred from exon 2 sequences in ovine 
LEP gene. Tree was generated using the neighbour- 
joining methods. Bootstrap values expressed as 
percentage of 1000 replications and indicated at the 
nodes. 
The present study may be regarded as one of the 
initial attempts to understand the genetic diversity of LEP 
gene in local sheep breeds of Pakistan. Molecular 
analysis of exon 2 of LEP gene in Lohi individuals 
showed polymorphism. At present, very less data are 
available to compare our results. There is need to extend 
this work with a higher number of animals in different 
breeds to have more candidate polymorphisms that may 
be associated with growth traits for possible use in 
Marker Assisted Selection (MAS) in future breeding 
programs. 
 Lohi 2005
 Lohi 636
 Lohi 2044
 Lohi 1141
 Lohi 979
 Lohi 1144
 Lohi 2034
 Lohi 1143
 Lohi 1147
 Lohi 2006
 Lohi 2030
 Lohi 606
 Lohi 621
 Lohi 992
 Lohi 2025
 Ovis aries
 Beetal goat (Haryana India)
 Barbari goat (Haryana India)
 Garganica goat (Puglia Italy)
 Yunnan black goat (China)
 Tiruchy black sheep (Tamil Nadu India)
 Bubalus bubalis (Water buffalo)
 Bos taurus (Charolais)
 Bos indicus (Brahman)
 Bos frontalis (Gayal)
 Bos frontalis (Mithun)
 Bos grunniens (Yak)
 Bos mutus (Wild yak)
 Sus scrofa (Casertana)
 Panthera tigris altaica (Siberian tiger)
 Felis catus (Abyssinian cat)
 Vicugna pacos (Alpaca)
 Tursiops truncatus (Common bottlenose dolphin)
 Lipotes vexillifer (Yangtze River dolphin)
 Delphinapterus leucas (Beluga whale)
 Physeter catodon (Sperm whale)
 Orcinus orca (Killer whale)
Animal ID CADG Polymorphism Position Actual Base 
201210606 161.1 - - C 
201210979 183.6 - - C 
201210992 170.4 - - C 
201210995 157.3 - - C 
201212005 185.3 - - C 
201212006 74.1 - - C 
201310621 155.6 - - C 
201310636 140.0 - - C 
201310657 166.7 - - C 
201311147 265.1 - - C 
201312023 88.9 - - C 
201312025 104.9 Y 18 C 
201312030 87.8 - - C 
201312034 128.5 - - C 
201312044 128.7 - - C 
201321141 110.9 - - C 
201321143 137.3 Y 15 C 
201321144 131.5 - - C 
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